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PREFACE

The tar-rubber pavement investigation reported herein was conducted
under the general supervision of the Pavement Investigations Division,
Soils and Pavements Laboratory, U. S. Army Engineer Waterways Experiment
Station (WES), Vicksburg, Miss. The study, sponsored by the U. S. Air
Force, was conducted during the period October 1973~June 1974. This
report was prepared by Messrs. P. J. Vedros, Jr., and R. D. Jackson of
the Special Projects Branch under the supervision of Messrs. J. P. Sale,
R. G. Ahlvin, R. L. Hutchinson, and A. H. Joseph of the Soils and Pave-
ments Laboratory. Data for the report were obtained from field inspec-~
tions performed by and laboratory test results compiled by Messrs. R. D.
Jackson, S. J. Alford, P. S. McCaffrey, Jr., R. R. Johnson, J. F. Kolb,
J. W. Carr, and E. R. Brown.

COL G. H. Hilt, CE, was Director of WES during the conduct of the

study and preparation of this report. Mr. F. R. Brown was Technical
Director,
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (s1) i %
UNITS CF MEASUREMENT 3
U. S. customary units of measurement used in this report can be con- : é
verted to metric (SI) units as follows: % %
Multiply By To Obtain ;o
inches 2.54 centimeters b
square inches 6.4516 square centimeters ‘
feet 0.3048 meters %
pounds (mass) 0.L4535924 kilograms ¥
pounds (force) 4 448222 nevtons :
pounds per square inch 0.6894757 newtons per square centimeter ?
pounds per cubic foot 16.018L46 kilograms per cubic meter i
tons (2000 1b) 907.1847 kilograms 0
Fahrenheit degrees 5/9 Celsius degrees or Kelvins¥*

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
C = (5/9)(F - 32). To obtain Kel-
K= (5/9)(F - 32) + 273.15.

ings, use the following formula:
vin (K) readings, use:
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INVES fIGATION OF TAR-RUBBER PAVEMENT OVERLAYS

PART I: INTRODUCTION

Authority

1. Aubhority for conducting investigations of tar-rubber pavement
overlays at selected ai fields is contained in Headquarters, U. S. Air
Force, Project Order No. PREE-T4-1, dated 15 October 1973.

Background

2. Tar-rubber and tar concrete have been used for a number of
years as acceptable overlays for the resurfacing of asphaltic concrete
and portland cement concrete (PCC) in aircraft parking areas subjected
to fuel spillage. Tar-rubber and tar concrete can be economically
placed on old, deteriorated pavements. However, a nunber of failures
have been observed in tar-rubber pavements on parking and refueling
aprons. These failures have been in the form of depressions and rutting
from high-pressure tires, raveling of joints, and deterioration from
fuel spillage. A number of airfields at which tar-rubber has been
placed were selected for this investigation to study the performance of

the tar-rubber pavements.

Purposes

3. The purposes of this investigation were as follows:

a. To determine conditions of tar-rubber overlays at ten
selected airfields.

b. To determine by laboratory testing the effects of hydrau-
lic fluids and jet fuels on tar-rubber pavements.

c. To determine the effects of aircraft with high-pressure
tires on tar-rubber pavements.

d. Based on technical analysis of all observations, studies,
tests, and evaluations, to recommend changes, if applica-
ble, in present Air Force criteria and manuals.
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PART II: INSPECTION AND SAMPLING f :
OF AIRFIELDS

4, During the period 6 December 1973 to 11 April 1974, ten
airfields were visited, and core samples of tar-rubber pavements were '
obtained. Fields visited were Homestead Air Force Base (AFB), Florida; z 3
MacDill AFB, Florida; Hurlburt AFB, Florida; Pope AFB, North Carolina; ;
Langley AFB, Virginia; Rickenbacker AFB, Ohio; Wright-Patterson AFB,

Ohio; Selfridge AFB, Michigan; Forbes AFB, Kansas; and Mountain Home
AFB, Idaho. Core samples were obtained from pavements of each con-

el

I

Sk o, sy Nl s

struction year at each airfield. The samples were selected from areas
showing deterioration, such as rutting and fuel spillage, and from !
paving joints. Pertinent photographs of the condition of the pavements

were made during the investigation. The core samples were returned to

the U. S. Army Engineer Waterways Experiment Station (WES) and sub-

jected to laboratory testing. Tests consisted of density, gradation,
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specific graviiy, bitumen content, stability, flow, and computation of
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voids determinations. Samples were also soaked in hydraulic fluid and

jet fuel (JP-4) to determine the effects of these liquids on the tar-

o S L T

e

rubber. Results of the laboratory tests are shown in Tables 1 and 2.

Homestead AFB, Florida

e S il s e

5. The tar-rubber pavements at Homestead AFB were constructed
during the years 1955-56 and. 1967. The 1955 pavements were placed on
the large parking apron, and the pavement structure consisted of a
1-1/2-in.* tar-rubber surface course, a 2-1/2-in. asphaltic concrete
binder course, and 6 in. of crushed limestone base course on existing
limerock subgrade. The approved job-mix formule for the tar-rubber

surface course was as follows:

1 QT B A ST TR TR

¥ A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is given on page 4.
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The Sulfa-Aero-Sealz 3080A tar-rubber blend was furnished by the U, S.
Rubber Company and blended at the plant of the Reilly Tar and Chemical
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% Percent Passing §

; Sieve Specified Job-Mix i

: Size Limits Formula ; 3

§ 3

i 3/4 in. 100 100 { ;

; 1/2 in. 88-96 92 3

3 3/8 in. 81-89 85 4

) No. 4 6h4-72 68 E

No. 10 h6-52 49 #

No. 20 34-40 37 %

No. 40 25-31 28 3

: No. 80 10-16 13 3

i No. 200 3-6 k.5 i

% Percent bitumen 8.4-9.0 8.7 ;
%
i

Company, Rahway, New Jersey. For compaction after laydowa of the tar-

rubber pavement, two three-wheel, l0-ton rollers and two tandem (8- to

AN et

12-ton) rollers were used. Intermediate rolling was accomplished with
a Bros self-propelled rubber-tired roller loaded to approximately 8 tons.

6. In 1967, due to pavement deterioration around refueling pits y

RN ARG s e

and depressions in the surface caused by traffic of B-U47 sircraft, areas
of the 1955 tar-rubber pavement were removed and replaced with new tar-

rubber pavement. The approved job-mix formula for the new tac-rubber

surface course was as follows:

A
NS 2 R BTN B X RO e 1R SRR

SRR SR

: 4 Percent Passing

i Sieve Specified Job-Mix
%q Size Limits Formula
| ' 3/4 in. 100 100

3 : 1/2 in. 82-96 88

% X 3/8 in. 7590 82

: i No. 4 60-73 62

’ : No. 8 46-60 g

e . No. 16 34-48 39

4 ; No. 30 24-38 3k

k ! No. 50 16-28 26

; No. 100 8-18 10

¢ No. 200 3-6 5.3
: Percent bitumen 8.7

7. The 1955 pavements had heen used by all types of aircraft,
such as heavy bcnbers, tankers, and cargo and fighter aircraft. Mostly
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fighter-type aircraft (F-106 and F-4) have used the 1967 pavements. At
the time of this investigation, the 1955 tar-rubber pavements were in
poor to fair condition with considerable cracking (Photo 1) and rough-
ness occurring adjacent to the cracks (Photos 2 and 3). The pavements
began cracking approximately 2 years after placement and have progres-
sively deteriorated over the years. Rutting was occurring in the taxi-
way area of the apron (Photo 4). In areas where the F-106 and F-4 air-
craft had been parking on the 1967 tar-rubber pavements, the surface had
depressed and ponding of fuel and hydraulic fluid in these areas had
caused the surface to deteriorate to the point that removal of the
pavement was necessary. At the time of this investigation, most of the
1967 tar-~rubber pavements had been removed and replaced with PCC pave-
ment. The core samples of the 1967 pavements obtained in this investi-
gation were from small areas of pavement that had not been removed and

that were not being used by aircraft.

MceDill AFB, Florida

8. In 1970-T1, tar-rubber pavements were placed on parking areas
at MacDill AFB. In one area, an existing overlay of asphaltic concrete
pavement was removed from the underlying PCC pavement and replaced with
a 2-1/2-in. tar-concrete binder course and a 1-1/2-in. tar-rubber
course. In the remaining areas, a 6-in.-thick asphaltic concrete pave-
ment was removed from tne underlying_é-in. PCC and replaced with a
4-1/2-in. tar-concrete binder course and a 1-1/2-in. tar-rubber surface
course. The approved job-mix formula for the tar-rubber surface course
was as tabulated on the following page. The tar-rubber blend was fur-
nished by the Koppers Company and blended at their plant in Garwood,
New Jersey. For compaction, a 10-ton tandem roller was used for break-
down, a 25-ton rubber-tired roller for intermediate rolling, and a
12-ton tandem for final rolling.

9. The pavement area on which the bituminous pavement (4-1/2-in.
tar concrete and 1-1/2-in. tar-rubber) had been placed had not received
as much traffic usage as the other areas and was therefore in fair
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Percent Passing

Sieve Specified Job-Mix ;
Size Limits Formula g
1/2 in. 100 100
3/8 in. 79-94 89 :
No. 4 59-73 63 3
No. 8 46-50 5T
No. 16 34-48 4o ;
No. 30 24-38 28 :
No. 50 16-28 20 3
No. 100 8-18 10 :
No. 200 3-6 5.0
Percent bitumen 8.0 :

ankV

condition. There were some localized areas where the surface texturc ap-

peared to contain only coarse aggregate (Photo 5), which was probably

PRSP RIPIY FENFLE A

caused by a construction deficiency. Considerable pavement deteriora-
tion had occurred in the pavement surface in the areas where F-U4 air- ;

craft had parked and taxied. Channelized depressions in the tar~-rubber

were noted at almost every aircraft parking spot. The depressions :
% ranged in depth from 3/8 to 1-1/8 in. (Photos 6 and 7) and were as 3

much as 3 to 5 ft in length, and the width of the depressions approxi-

AL KB b 2,

s mated the tire contact width of the F-l tire. Aggregate was eroding

it

from the surface in the depressions, which appeared to be saturated

with a combination of hydraulic fluid, jet fuel, and lubrication oil.

AL WPLUNEE SATE ]

SRIATRT A L

Ruts up to 1 in. deep were noted in ihe taxiway area of the apron
(Photo 8). Longitudinal cracking, which appeared to be caused by over-

w0

loads, was occurring in the taxiway (Photo 9). The pavement outside of

R

the area used by aircraft was in fairly good condition.

PRI L X L e
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Hurlburt AFB, Florida

B O

10. Tar-rubber pavements were placed at Hurlburt AFB in 1969. A
boin. thickness of asphaltic concrete pavement was removed from the

1
L

2

%

£

L |

4
%
X

1' ~*.
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limerock base course and replaced with a 2-in. tar binder ccurse and a
2-in. tar-rubber surface course. The espproved Job-mix formula for the
tar-rubber surface course was as follows:

¢
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Percent Passing

Sieve Specified Job-Mix
Size Limits Formula
3/4 in. 100 100
1/2 in. 82-96 93.5
3/8 in. 75-80 87.3
No. 4 60-73 66.5
No. 8 46-60 48.5
No. 16 34-48 36.5
No. 30 24-38 27.5
No. 50 16-28 18.8
No. 100 8-18 9.2
No. 200 3-6 5.6
Percent bitumen 5.4

The tar-rubber blend was furnished by the Koppers Ccompany and blended
at their plant in Garwood, New Jersey. For compaction after laydown, a
tandem (8- to 1l2-ton) roller was used for breakdowa and final rolling,
and a 20-ton rubber-tired roller was used for intermediate rolling.

11, The tar-rubber pavements had been used by A-6 aircraft and
were in very good condition. Some fuel stains from gasoline spillage
were noted, with no apparent distress on the pavement. A minor amount
of shrinkage cracking was evident, with the cracks extending down into
the surface about 1/2 in.

Pope AFB, North Carolina

12. The tar-rubber pavements at Pope AFB were constructed on a
transient parking apron during the period 1968-69. The pavement struc-
ture on apron A consisted of a 2-~in. tar-rubber surface course over an
existing l-l/2-in. asphaltlc concrete course on a 6-in. PCC pavement.
The asphaltic concrete had been placed over the concrete in 196k,

Apron B-1l consisted of a 2~in. tar-rubber surface course placed di-
rectly on the 6-in. PCC. The approved job-mix formula for the tar-
rubber surface course was as tabulated on the following pege. The tar-
rubber blend was furnished by the Koppers Company and blended at their
plant in Garwood, New Jersey. For compaction, a 10-ton tandem roller
was used for breakdown and final rolling, and heavy (25-ton) and light

10
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Percent Passing

Sieve Specified Job-Mix
Size Limits Formula
3/4 in. 100 100
1/2 in. 82-96 89.0
3/8 in. 75-90 82.5
No. L 60-73 66.5
No. 8 L6-60 53.0
No. 16 34-48 k1.0
No. 30 24-38 31.0
No. 50 16-28 22.0
No. 100 8-18 13.0
No. 200 3-6 4.5
Percent bitumen 6.8

(9-ton) rubber-tired rollers were used for intermediate rolling.

13. This transient apron had been used mostly as a loading and
unloading ramp for C~130 aircraft, but C-5A aircraft had also used the
area. A portion of the apron designated apron B-1 had been treated
with a tar slurry, and the pavement condition was generally good. Re-
flection cracking was the only defect noted. There was no evidence of
fuel spillage stains. The portions of the apron designated aprons A
and A-1 had not been sealed and appeared in slightly worse condition
than apron B-l1. This area had been used as an overflow parking area.
There was evidence of some fuel spillage that had caused minor surface
deterioration. The reflection cracks were raveling from brittleness.
The application of the tar slurry appeared to have benefited the reflec-~
tion cracks and prevented further raveling.

Selfridge AFB, Michigan

14. The tar-rubber pavements at Selfridge AFB were constructed
during the years 1964 and 1971. In 1964, a l-in. tar binder course and
a l-in. tar-rubber surface course were placed over existing PCC on the
east apron. The approved job-mix formula was as tabulated on the fol-
lowing page. The tar-rubber blend was furnished by the Barrett Divi-
sion, Allied Chemical Corporation. Some of the material was furnished

from their New Jersey plant and some from the plant at Bugge Island,

11
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Detroit, Michigan. Compaction was accomplished with lh-ton tandem,

10-ton tandem, and 10-ton rubber-tired rollers.

15. In 1971, a 2-in.-thick tar-rubber surface was placed on a

Sieve Specified Job-Mix :
Size Limits Formula §
1/2 in. 100 100 g
3/8 in. 86-97 9k.5 3
No. k4 67-82 k.5 ,;
No. 10 52-66 59.3
No. 20 36-50 hi.9 E
No. k0 26-39 30.4 i
No. 80 13-25 15.5 4
No. 200 b7 5.6 i
Percent bitumen 9.6 ?

3

i

portion of the Air Defense Command parking apror. This was an overlay

wne 32N

on an existing PCC. The approved job-mix formuls was as follows:

N

Percent Pussing

WY Y ST

YR T YR TI R V R T YT e T Ty

’ Sieve Specified Job-Mix
Sige Limits Formula
1/2 in. 100 100 3
3/8 in. 75-90 86 3
y No. L 60-73 69
- No. 8 L6-60 L9 3
No. 16 34-48 b1
No. 30 2k-38 34 :
No. 50 16-28 2k :
g' No. 100 8-18 11 k
§ No. 200 3-6 5 3
! 3
H Percent bitumen 6.4 3
i The source of the tar-rubber blend was the same as that for the 196k ; é
g construction. Compaction of the pavement was reported to have been ;@
% accomplished with 10- to 12-ton tandem rollers and a 50-ton rubber~ ?,

RO
bl

tired roller having a tire pressure of 75 psi.

s

16. The east apron, which had been constructed in 1964, was be-
ing used by F-106 and F-100 fighter aircraft. The pavement had been
treated with a tar slurry, and the aircraft tires were leaving imprints

in the slurry surface (Photo 10). Some reflection cracks had been

12
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sealed with joint-sealer materiall Numerous shrinkage cracks were
noted in the surface (Photo 1l), and the slurry seal had deteriorated
in aircraft parking areas (Photo 12). Joints of the underlyiig PCC had
reflected at the surface, and some joints were spalling badly in the

FEN ATV S TR

tar-rubber and in the underlying concrete (Photo 13). The pavements on
this apron area were considered to be in poor cundition. Pavements on
the part of the east apron constructed in 1971 had not received much
usage and were generally in good condition, with limited deterioration
beginning to occur from use by F-106 aircraft. Minor deterioration

was noted in some areas from the effect of hydraulic fluid spillage
(Photo 1k4), construction joints were showing signs of opening (Photo 15),

et 2T A wE s Pdiad + RN 3 T e AL AN &0 B

and reflection cracks from underlying concrete were in need of sealing
(Photo 16). Photo 17 shows the condition of the two pavements (1964 and
1971) where they abut one another.

Setulraad Kby Derslar

B a4

Forbes AFB, Kansas

17. The tar-rubber pavements at Forbes AFB were constructed dur- :
ing four separate periods, 1969, 1971, 1972, and 1973. All tar-rubber
pavements were overlays on deteriorated PCC pavements and consisted of

P VT AT AT TR
. .

SR T ARG T O T ARG ]
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a 1-1/2-in. tar-rubber surface course and a 1-1/2-in. tar binder course.
The 1971 overlay was placed on concrete that contained a considerable

amount of "D" cracking and a larger number of spalls. The approved job-

mix formula for the tar-rubber surface course constructed in 1969 was
as follows:

Percent Passing

Sieve Specified Job-Mix
Size Limits Formula
ig‘ 1/2 in. 100 100
£ 3/8 in. 79-94 96
¢ No. 4 59-73 64
¢ No. 8 46-60 5h
b No. 16 34-48 Lo
- No. 30 24-38 o8
= No. 50 16-28 20
A No. 100 8-18 11
::«; Shge it ’ NO. 200 3'6 508
3 Percent bitumen 6.1
13
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The tar-rubber binder was furnished by the Koppers Company and blended
by the Reilly Tar Company plant in East St. Louis, Illinois,

18. The approved job-mix formula for the 1971, 1972, and 1973
tar-rubber surface courses was as follows:

et achranos ar ksl

Percent Passing

ST T

Sieve Specified Job-Mix
Size Limits Formula, 3

1/2 in. 100 100 :
3/8 in. 79-9k 93
No. b 59-73 64 ;
No. 30 24-38 27
No. 50 16-28 20
No. 200 3-6 5.0

2 Percent bitumen 7.8

E‘ The tar-rubber blend was furnished by the Koppers Company and blended

3
4
3
3
A
2
i
E]
3
a
A
3
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3
3
2
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3
®
4
4
g
3
4
z
3
4
3
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in Chicago, Illinois. Compaction requirements for the four construc-
tion projects consisted of the use of three-wheel breakdown rollers, a
25-ton rubber-tired roller, and a 12-ton tandem roller for final rolling.

It was reported that a vibratory roller was used for compaction of the

pavements in 1972; however, characteristics of the roller, such as

weight, vibrating frequency, etc., were not obtained.

19. The parking aprons surfaced with tar-rubber had been used by
C-130, C-135, and transient-type aircraft. The pavements were receiving
very little usage at the time of this investigation. The pavements con-
structed in 1969 were located in a refueling area on the south apron.
They had been sealed with a tar seal and a tar~-slurry seal in 1972
(Photo 18). The seal coat had deteriorated on the surface where fuel
had spilled (Photo 19). Minor random and reflection cracking was noted

in this area. The 1971 pavements, vhich were used by C-130 aircraft

© T, T BTSRRI AT ST B ST E T I TG
‘ e a I .

from 1971 to 1974, contained reflection and shrinkage cracks :’hoto 20).

The 1972 pavements on the northwest apron contained reflection cracks,

VR AT

and, in some areas, water was seeping out of the cracks (Photo 21). The
construction joints were not well sealed (Photo 22), and cores obtained

1k
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in the center of the paving lane indicated a high percentage of voids
(Photo 23). The 1973 pavements were in good condition, with a good
surface texture (Photo 2k) and apparently good construction joints

(Photo 25), though some hairline reflection cracks were noted on the

Ml e 31

surface.

e

Mountain Home AFB, Idaho

20. The tar-rubber pavements at Mountain Home AFB were constructed
during 1968 and l9f0. The 1968 pavements were 40~ by 510-ft strips
that had been cut out and placed on the operational maintenance apron.
The asphaltic concrete overlay on the apron was notched out to the un-
derlying PCC and replaced with a 2-1/2-in. tar-concrete binder course
and a 1-1/2-in. tar-rubber course. A 40-1b roofing felt was used as a
bond breaker between the binder course and the concrete on two of the
strips; however, use of the felt was discontinued when desired density
could not be obtained due to the mix shoving on the felt. The 1970 con-
struction consisted of placing two Uli- by 800-ft strips (strips C and F)
on the southeastern portion of the apron, using the same type construc-
tion as that in 1968. The approved job-mix formula for both the 1968
and 1970 construction was as follows:

%
]
i
%
3
]
:
é
3;
“:§

Percent Passing

Sieve Specified Job-Mix

Size Limits Formula

3/l in. 100 100
4 1/2 in. 82-96 88.4
y 3/8 in. 75-90 80.6
g‘ No. k4 60~73 65.3
1 No. 8 L6-60 sh.2
E No. 16 3h-48 454
- No. 30 2438 32.2
g* No. 50 16-28 19.7
E No. 100 3-18 10.6
{ No. 200 3-6 4.8
r ~
2 - Percent bitumen 9.1
g

The tar-rubber blend was furnished by the Koppers Company and blended in
their plant in Fontana, California. For compaction after laydown of the

15
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tar-rubber pavement, 8- to 12-ton tandem steel-wheel rollers were used
for breakdown and tinal rolling, and a 20-ton rubber-tired roller was
used for intermediate rolling. The weight of the rubber-tired roller
was later increased to 25 tons since the densities obtained were only
about 95 percent instead of the 98 percent required.

21. The pavements constructed in 1968 were not being used by air-
craft at the time of this investigation, but they had been used as a
parking area for F-i aircraft. Two or three seal coats had been applied
to the surface, but fuel spillage had deteriorated the seal in aircraft
parking areas (Photo 26). Several areas where F-4 aircraft had been
, parked had been depressed and damaged; therefore, they had been removed
and replaced with PCC (Photo 27) in 1971. Roofing felt had been used in
two strips as a bond breaker between the PCC and the tar binder for pro-

tection against reflection cracks. However, during construction, the

A bR At 40 ek W iRl A ant ae e A T et sl B e s Sea W tom § A ts ks

B
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felt had moved under rolling and prevented proper compaction and thus

Tt

had not prevented reflection cracking from appearing at the surface
(Photo 28). The 1970 tar-rubber pavements had not received a seal coat

)

Al LN .S L

(Photo 29), and considerable reflection cracking and open construction

ot

joints in need of sealing were noted (Photo 30). Lack of compaction 2t
the joints during construction was quite evident.

825t

Langley AFB, Virginia

Foattfiddy

22. The tar-rubber pavements at Langley AFB were constructed on

A

the west ramp in 1966, the north ramp in 1969, and the east ramp in 1971.

Pavement structures of the three areas were as follows: east ramp,

TTW S ARSI T e g TR I AR T 7*’WWWWWWWW3#2%‘..!%«.?,&4#%‘%)v‘ﬂ'&‘ AN 0 MRS e e B,

L 2 in. of tar-rubber over 10 in. of PCC over 6 in, of PCC; north ramp,

.
PO ITRE

2 in. of tar-rubber over 6 in. of PCC; and west ramp, 2 in. of tar-

A EY

rubber over 10-1/2 in. of PCC. The approved job-mix formulas were as
tabulated on the following page. The rubber for the 1966, 1969, and
1971 constructions was furnished by the Goodyear Tire and Rubber Com-
pany, and the base tar was supplied by the Baltimore Tar Company, Mary-

X

ToR TN

g

E
i
E

_?" land. The materials were blended at the plant on the jobsite. Compac-
tion was accomplished with 10- to 12-ton tandem steel-wheel rollers and

s el g TGy s B

50-ton rubber-tired rollers.
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1966 and 1969 Constructions :

Percent Passing

Sieve Specified Job-Mix § i
Size Limits Formula 5
1/2 in, 100 100 %
3/8 in. 79-94 98.0
- No. 4 59-73 72.0 E
No. 10 43-57 49.0
No. 20 29-43 31.0 %
No. 40 20-33 20.0
; No. 80 10-20 10.0 ]
E No. 200 3-6 6.0 y
i Percent bitumen 8.0 ;

PRI Y

1971 Construction

Percent Passing

[FEROPR ORI/ N

23. The west ramp was divided into two main parking areas, one for !
C-130 aireraft and the other for F-106 and T-33 aircraft. At the time of

PR
-

this investigation, the pavement in the C-130 area was in good condition,

Sieve Specified Job-Mix
Size Limits Formula :
31 3/4 in. 100 100 :
3 1/2 in. 82-96 93
2 3/8 in. 75-90 85 1
- No. 4 60-73 T2 3
No. 8 46-60 54 3
No. 16 3448 38
No. 30 24-38 26
No. 50 16-28 16 %
No. 100 8-18 10 ' 3
No. 200 3-6 6 ‘ i
Percent bitumen 8.1 é
:
3
.‘;2
\’2
E

whereas the other area was in poor condition. The C-130 area had devel-

oped some cracking, and fuel spillage was beginning to cause raveling in

PR o Al Cad DR A S b R A TR fai e R

the surface (Photo 31). However, the cracking in the fighter area was

NEPTR)

more severe, and rutting, raveling, and general deterioration were occur-
ring in the immediate parking area (Photo 32). Most of the damaged park-
ing areas had been removed and replaced with PCC in 1971. The 1969 pave-
ments on the north ramp, which had been used for parking light aircraft,

7
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were in good condition, but construction joints were beginning to open

AT 15 AN

and some reflection cracking was evident (Photo 33). The east ramp, con-
structed in 1971, was divided into three parking areas: one for C-135
aircraft, one for C-118 and T-29 aircrafi, and one for T-39 asircraft.
During construction, an open surface texture nad resulted in some of the

apron area due to pulling and tearing of the surface during laydown

bass b ot el dh SahAVE et

operations (Photo 34). All three areas were generally in good condition.

The parking area for C-118 and T-29 aircraft showed the worst stains

2 satiits,

from excessive fuel spillage (Photo 35), and some of the fines were be-

el

ginning to ravel from the surface in that area.

Wright-Patterson AFB, Ohio

Mt Aemnl Al Uiy 0 24 T Aubh 2.

24, The tar-rubber pavements at Wright-Patterson AFB were con-
structed during the years 1960, 1962-63, 1966, 1970, and 1972. The 1960
pavements were constructed on taxiways 8 and 12. A l-in. tar-rubber sur-
face course and a l-l/2~in. tar binder course were placed on the 7-in.

PCC on taxiway 8 and the 9-in. PCC on taxiway 12. In 1962-63, l-in. tar-

rubber and 1-1/2-in. tar binder courses were placed on the 10-in. PCC on
ramp I, and l-in. tar-rubber and 1-1/2-in. tar binder courses were
placed on the 1l-in. PCC on ramp D. Ip 1966, 1l-in. tar-rubber and
1-1/2~in. tar binder courses were placed on the 10-in. PCC on ramp J.

In 1970, the 25-~in.-thick PCC warmup apron was overlaid with l-in. tar-
rubber and 1-1/2-in. tar binder courses. In 1972, pavements were placed
on the touchdown end of the runway. Information on mix design and jot-
mix formulas for the work at Wright-Patterson was not available. The
tar-rubber blend for the various projects was furnished by the Koppers
Company .

25. The pavements constructed in 1960 were located on pavements
identified at the time of this investigation as taxiways 8 and 12. The
outer edges of taxiway 8 had been used for parking aircraft, mainly the
F-4, F-5, and T-38. The pavement in the immediate parking area was in
poor condition, with deterioration in the surface from fuel spillage and

high tire pressures (Photo 36). FPavements in taxiway 12 had not been

18
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used for parking and were in good condition. This pavement had been

treated with Koppers BPR rejuvenator. The 1962-63 pavements on ramps D

FUNRTE, USSR T UNSIOPY 57 R N PN

and I had both been treated twice with a tar slurry. The pavement on

raxp I, which had been exposed only to limited aircraft use, was in good

A LA s e

condition, with mostly only reflection cracking, which had been sealed

Ll rafiedidan s b

in 1970. Ramp D, which had been used for parking T-33 and T-39 aircrafi,
showed deterioration in immediate parking areas from fuel and hydraulic
fluid spillage (Photo 37). Often, an excessive amount of fuel had been
spilled (Photc 38), and this poor housekeeping habit had caused general
deterioration where cracks occurred (Photo 39). The pavement on ramp J,
constructed in 1966, had been treated with a tar slurry in 1970. Reflec-
tion crackiug and deterioration from fuel or hydraulic fluid spillage

PP RU SR T NCPI.L] 977 8-

iiharh o i 2
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were occurring in a few areas where aircraft had parked (Photo 40). The 2
§ warmup apron constructed in 1970 had been used by all types of aircraft p
é and was generally in poor condition due to poor construction. Tear- i
%‘ ing of the surface and raveling of the open construction joints were ;
E noted (Photo 4l). There was no evidence of rutting or fuel spillage in ¢
§ this area. The 1972 pavements on the end of the runway were in good g
% condition. f
- Rickenbacker AFB, Ohio %
|
; 26. Tar-rubber pavements were constructed at Rickenbacker AFB in
é 1963, 1966, 1968, and 1973. The 1963 construction, on the northeast
& parking aprons (area 9), consisted of 1-1/k-in. tar-rubber and 1-1/2-in.
%’ , tar binder courses over 17-in. PCC. The 1966 construction, on the main
% parking aprons (area 4), consisted of 1-in. tar-rubber and l-in. tar

binder courses over 12-in. PCC. The 1968 comstruction, on the northeast

(it

parking apron and the southwest apron, consisted of a 1-in. tar-rubber

U R

surface course and a 2-in. tar binder course over 12-in. PCC. The 1973

construction, on the southwest apron extension, consisted of a l-in.

TR NG, R SR YRAT
"

TR )

tar-rubber surface course and a 2-~in. tar binder course over 17-in. PCC.

Information on mix-design formulas for the work at Rickenbacker was not
available.

19
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27. Ti.: 1963 pavements (area 9) had been used for parking F-101
and tanker aircraft and were generally in good condition. Joints had

A Sew MO D e T2 S

been sealed, and there was no evidence of any significant fuel spillage.
The 1966 pavements had been used for parking C-123 aircraft and refuel-
ing pits had also been located in this ares (area 4). Pavements in the

R 2RAE Y s

refueling pit area were in poor condition, while those outside the re~

fueling area were in good condition. Pavements on the southwest apron, §

constructed in 1968, had been used for parking KC-135 and C-123 aircraft. %

Reflection cracks had been sealed, and there were no stains from exces- %

sive fuel spillage. These pavements were generally in good condition. ?

e

The southwest apron extension pavements, constructed in 1973, had been %

used for parking KC-97 aircraft. These pavements were also in good con- ;

dition, with some fuel spillage stains and a minor amount of reflection ﬁ

cracking. :

§ :
i ;
3 f
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E E

IS B

P I s I

20

g )“W('Lﬂ‘f TIPS 4

e I P RN, e T S s aite i e E T . mam s




TRTEIE LT RW FERLEE LIRS I UL RS SR L LR i STl B
P Ty 2 TATETE 1™ sH T ESETIOL - (o M A Y
= g— v e AL e E e e o o PRSI | de ST SR S e PN St >
~ — —— ™ H

o
_

sanures

PART III: ANALYSIS OF FINDINGS

o wnadon SRR b Z

{ 28. As stated previously, the core samples of the tar-rubber pave-
ments obtained at each airfield were subjected to laboratory testing. | E
The tar-rubber surface course was separated from the binder course, and
density was determined. It was not possible to obtain a sammle from
the paving joints, as the cores broke either when separated from the
binder course or in coring operations. The densities obtained on each
core are presented in Table 1. Considerable difficulty was experienced :

in trying to extract the tar-rubber binder from the aggregate so that

gradations of aggregate and binder content could be determined. A tech-
nique was finally developed in which the sample was soeked in quinoline

JRIRCN, L PRNRE 25 15 Y 1N

at room temperature for approximately 12 hr and agitated prior to being
placed in an extractor. After all the binder that could be washed out
was removed, the aggregate was then placed in a furnace (about 1000°F)
for approximately 2 hr to insure that all binder was burned from the

} aggregate. It was not possible to recover the tar-rubber binder since
the boiling point of quinoline is above 300°F and the tar-rubber binder

material could not be separated without causing damage to the binder

PP TRA SR OW T BT NPHCRPICAU N B S YT TR

VTR

material. Aggregate gradations for all samples tested are shown in

A -

Plates 1-10. The field samples optained in areas that were subjected
to fuel, o0il, and hydraulic fluid spillage were tested for density and 3
stability. Results of these tests are shown in Table 1. To determine ;

i

effects of jet fuel and hydraulic fluid on tar-rubber, a series of sam- A

; ples were soaked in the laboratory for a period of 48 hr and then tested
{ for stability. Results of these tests are also shown in Table 1. An-

other series of cores were soaked in jet fuel and hydraulic fluid for a

R SRR S R TR S S YRS, O
U

period of 5 days and then allowed to drain for a period of 5 days prior
to measurement of density and stability. Results of these tests are
shown in Table 2 and Plate 1l.

BT RS R TTE

Materials

29. As noted in Plates 1-10, the aggregates used in the tar-

rubber mixtures essentially met the gradation requirements set forth in

21
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Corps of Engineers Guide Specification CE-807.25.% In some cases, the

i
.

material plotted on the fine side of the specification limits (hatched

area). This developmeut could possibly be attributed to the degradation
of the aggregate in the sampling and the use of a high~temperature

At . ek

furnece. g
Compaction E
\ 30. Construction control data were availabie for work performed 3
abt five of the airfields. The tabulation below shows the percent of the E
laboratory density (9 percent was required) that was reported during é
construction. Also included in this tabulation are the results of the ' E
survey tests performed in 19Tk. : é
: Construction ;
: Control Data 197k g
it Average % Survey Data 5
3 Year Density Average % g
E Airfield Constructed Joints Mat Density
: Forbes 1972 9.3 95.4 95.8
B %
5 Langley 1966 95.T  99.3 100.3 3
: MacDill 191 96.5  97.9 97.7 Z
Forbes 1971 93.k  95.}4 93.9 3
Mountain Home 1968 9k.8  96.0 98.6 3
%) As can be noted above, the densities obtained in the joints during con- %
Ly struction were quite low, and some of those obtained in the paving lane 7%
§ g
g‘ were below the 98 percent required. The 98 percent required density was .g
& .
%1 obtained at Langley, where 50-ton rubber-tired rollers were used during L
G -
éi construction, and at MachNill, where 25-ton rollers were used. However, 2
%, as noted in Table 1 and Plate 12, a conside.'able range of densities was by
§ obtained. Even though the average density at MacDill was approximately f
? 98 percent, the density spread was quite wide and ranged to as low as ;
: 93 percent. Lack of compaction during construction appears to be one ;
f * Headquarters, Department of the Army, "Rubberized-Tar Concrete Pave- §41
3 ments for Airfields and Heliports (Central-Plant Hot-Mix)," Guide 4
- Specification CE-807.25, Feb 1971, Washington, D. C. E;
£ 22
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of the major causes of the poor performance observed in the tar-rubber
pavements. It should be pointed out that none of the densities indi-
cated in Table 1 or Plate 12 were taken at a joint, as it was not
possible to obtain a sample from the joints that were cored; the core
samples would not stay together as a result of lack of compaction.

Poor compaction resulted ir. joints opening and raveling. The variation
in density is also indicated in the range of voids shown in Table 1 and
Plate 13. Mix-design formulas based on specified 3 to 5 percent voids
(total mix) and 98 percent density could possibly result in a range of
voids from about 3 to 6 percent. Prior studies conducted on tar-rubber
pavements indicated that the specified void content should not exceed

6 percent, as serious seepage of spilled fuel into the pavement will

occur when void contents exceed this value.

Effects of JP-U and Hydraulic Fluid

31. A comparison of the densities of the cores obtained in spill-
age areas with those in nonspillage areas (Table 1) indicates that there
is no apparent effect on the densities as a result of the spillage. The
possibility of a volume change occurring from the action of the fuel and
a swelling of the material with a decrease in density was investigated,
but there was no evidence of this happening. Core samples were soaked
for 48 hr in JP-4 and hydraulic fluid and then measured for stability.
Results are shown in Table 1. Nineteen of the 23 samples soaked in hy-
draulic fluid indicated higher stability values than those obtained on
similar samples soaked in JP-4. There was no apparent trend of pavement
age affecting the ability to resist effects of JP-4 or hydraulic fluid.
A series of samples from Selfridge AFB, Forbes AFB, and Wright-Patterson
AFB were soaked in JP-hk and hydraulic fluid for a period of S days and
then allowed to drain for a period of 5 days. The average stability
values measured for the samples subjected to hydraulic fluid were higher
in all cases than those for the samples subjected to JP-4 (Table 2).

The effects on density are shown in Plate 1l. The samples soaked in hy-
draulic fluid all had densities higher than those of the original sample,
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PART IV: SUMMARY OF RESULTS AND RECOMMENDATIONS

32. The following statements summarize the results of this

R R .

investigation:

a e bt

a. The performance of the tar-rubber pavements is dependent
upon the quality of construction and subsequent usage of
the pavement. Pavements at Langley AFB, where good con-
struction density was obtained, performed satisfactorily
for a period of about 5 years under usage of high-
pressure tires and repeated jet fuel spillage. Pavements
at MacDill AFB, where the overall average construction
density was acceptable but indicated a wide range in
densities, failed after a usage of about 2 years.

b. Spillage of JP-4 fuel on tar-rubber pavements is more det-
rimental than spillage of hydraulic fluid on a short-term
basis. Over a long period of time, the ability of the :
hydraulic fluid to remsin in the pavement may make this ;
fluid the more detrimental of the two. b

A Sabca wadioma e tie A% e T8 s A Vaderiay

c. The stability values of tar-rubber pavements have very
little meaning since the pavements become brittle very '
quickly and high stability values result. There is no i
clear relationship between stability and age.

R T VDS TR N T Wy A T

4. Use of heavy rubber-tired rollers appears to be necessary
during construction in order to meet the requirement of !
98 percent density. Vibratory rollers were used for the !
1972 construction al Forbes AFB, and very low densities
were obtained. Rollers were operated at only one vibra-
tion frequency for this work.

PPN NEF PRV SUT)
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- e
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€. Tar-rubber pavements perform poorly in all areas adjacent

to refueling pits. Poorly constructed pavements fail
rapidly.
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33. The following recommendations are considered warranted based

U E T

on the results of this investigation:

a. Very strict quality control should be enforced during con-
struction for all tar-rubber pavement projects. Special
effort should be made to obtain desired density and uni-
formity of appearance in joi. % construction.

R AR TR TR
e s e A e o s b -

. . 8
N IO T I PR LR TR

b. Tar-rubber pavements should not be placed in refueling
pit areas. PCC should be used,

c. Prior to overlay of PCC pavements, all defects in PCC
pavements should be repaired so that the defects do not
reflect and affect the overlay.

St e A Al R B
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Tar-rubber pavements should not be used in aircraft park-
ing areas if the tire contact areas is less than 100 sq in.
and the tire pressure is greater taan 250 psi.

Better housekeeping rules, such as use of drip pans, hos-
ing off excess spillage, etc., should be enforced to min-
imize deterioration from fuel spillage.

Intermediate rolling with rubber-tired rollers loaded to
at least 25 tons is essential if the desired densities

in the tar-rubber pavements are to be obtained. Similar
results should be possible with high-frequency (1500 vi-
brations per minute or more) vibratory rollers which can
produce an equivalent or greater total compactive effort.
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R <
5 - Lemraeain g 4.
i §
: iable 2 é
. Effects of Scoaking* in Hydraulic Fluid and Jet Fuel on Density, 3
Stability, and Flow of Pavement Samples
’ Density, 1b/cu ft After Draining 120 hr 3
; After Draining After Draining Stability Flow 3
Sample Original 24 hr 120 hr 1b 1/100 in.
%
Selfridge, 1971 3
t Control 14,5 - - 3088 17 oA
. 1kk,3 - - 3836 20 o
) 144.5 - - 3133 16 P
. Soaked in 150.7 151.1 150.9 2611 19 i3
. JP=4 150.6 151,0 151.1 2247 18 Do
2 150.3 150.6 150.6 2293 i7 C
1 Scaked in 146.5 147.8 147.6 289k 17 ;
- hydraulic 146.3 147.8 147.6 3519 18
.38 fluid 145,85 147.0 147.0 2825 19
{ Forbes, 1972 ;
4 3
3 Control 135.7 - - 4196 20 Pg
3 135.3 - - 3939 20 P
3 135.0 -- - 4623 20 PG
Soaked in 132.5 138.2 132.8 2950 25
Jp-h 132.7 138.2 133.8 3159 11 8
135.5 13E.5 135.3 kg9s 5 2
Sogked in 133.3 13t.9 136.7 Likg 10
hydraulic 135.5 137.9 138.3 5030 9 3
fluid 132,6 135,2 135.8 3998 7 3
Weight-Patterson, 1960 3
Control 151.8 _— - Lls9 15 o
149.9 - - 4gh8 15 3
Sosked in 150.8 150.5 150.7 3450 13 Pos
JP-b 150,2 150.1 150.2 bosk 16 I
150.3 150.1 150.1 3350 16 I
Sosked in 151.7 152.1 152,0 5560 16 :
hydraulic 151.8 152,1 151.9 4850 15 {
fluid :
Wright~Patterson, 1962-63
Control 147.8 - - LoL3 15
1k1.5 — — 5880 10
145.5 _— - 5830 13
Sogked in iks5.3 145.1 145.0 4520 1
JP-h 1k43,6 1k3.6 1h3,0 L17s 11
1k7,2 1k7.0 1L6.6 4100 12
Sosked in 146.5 1h7.7 147,0 5210 12
hydraulic 146.0 1k6.6 146.5 6171 12
fluid 16,6 1h7.1 146,9 4235 9
Wright-Patterson, 1966
Control 144, 6 - -— 7056 10
146.6 -~ - 4893 9
146.9 - - 6943 9
Soeked in 1k6.0 1k6.2 145,3 3799 5
JP=b 1k6.4 146.4 145.8 3472 1l
147.1 147.1 147,0 3114 11
Soaked in 1h8,1 149,1 148.8 6232 12
hydraulic 145.8 146.6 1k6,.5 3058 12
fluid 147.3 143.1 148.0 3905 11
* (Core samples were soaked in the JP-k or hydraulic fluid for 5 days.
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MacDill (1971) pavement

in

Rcugh texture of MacDill (1971) pavement, with
Pavement depression sbout 3/4 in. deep

surface appearing to contain only coarse aggregate
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Pavement depression about 1-1/8 in. deep
in MacDill (1971) pavement

Ruts up to 1 in. deep in taxiway area
of MacDill (1971) pavement
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Photo 1l. Shrinkage cracks reflecting through
slurry seal of Selfridge (1964) pavement
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parking areas from fuel spillage
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Minor deterioration in Selfridge (1971)

Joints spall
pavement from hydraulic fluid spillage
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Photo 15. Construction joints and reflection cracking
in surface of Selfridge (1971) pavement 'j
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% Photo 21. Reflection crack in Forbes (1972) pavement ’

% with water seeping from crack i
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Photo 23. Cores taken out of Forbes (1972) tar-rubber
and tar binder (Note large voids in surface course.) :
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caused by parked F-U4 aircraft wheels
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Photo 31. Fuel spillage damage on Langley (1966) pavement,
with some loss of surface fines
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Photo 32. General deterioration in Langley (1966)
fighter aircraft parking area
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Photo 35. Considerable amount of fuel stains and minor amount
of deterioration in Langley (1971) pavement
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A Photo 36. Outer edge of Wright-Patterson (1960) taxiway 8
‘ ;ﬁ; used for parking of aircraft
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Photo 37. Deterioration in Wright-Patterson (1962-63)
pavement from fuel and hydrawlic fluid spillage
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Photo 38. Poor housekeeping; excessive fuel spillage
on Wright-Patterson (1952-63) pavement
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Fuel spillage running down reflection crack

Wright-Patterson (1962-63) pavement
General deterioration of Wright-Patterson (1966)

pavement from cracking and fuel spillage
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Photo 39.
Photo 40.
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Poor construction on Wright-Patterson (1970)

Photo 4l.
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In accordance with ER 70-2-3, paragraph 6c(1)(b),
dated 15 February 1973, a facsimile catalog card
in Library of Congress format is reproduced below.

S o Y2

Vedros, Philip John

Investigation of tar-rubber pavement overlays, by Philip
J. Vedros, Jr., (and; Ralph D. Jackson. Vicksburg, U. S.
Army Engineer Waterways Experiment Station, 1974,

1 v. (various pagings) i1llus. 27 cm. (U. S. Waterways
Experiment Station. Miscellaneous paper $-74-25)

Prepared for Headquarters, U. S. Air Force, Washington,
D. C., under Project No. PREE-74-1,

1. Airfield pavements. 2. Overlays (Pavements).
3. Pavements. 4. Tar rubber. 1. Jackson, Ralph D.,
joint author. 1II. U. S. Air Force. (Series: U. S.

Waterways Experiment Station, Vicksburg, Miss. Miscellaneous

paper S-74-25)
TA7.W34m no.S5-74-25
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